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We demonstrate full suppression of dephasing tied to deformation potential coupling of confined
electrons to longitunidal acoustic (LA) phonons in optical control experiments on large semicon-
ductor quantum dots (QDs) with emission compatible with the low-dispersion telecommunications
band at 1.3 µm. By exploiting the sensitivity of the electron-phonon spectral density to the size and
shape of the QD, we demonstrate a four-fold reduction in the threshold pulse area required to enter
the decoupled regime for exciton inversion using adiabatic rapid passage (ARP). Our calculations
of the quantum state dynamics provide good agreement with our experimental results and indicate
that the symmetry of the QD wave function provides an additional means to engineer the electron-
phonon interaction. Our findings will support the development of solid-state quantum emitters in
future distributed quantum networks using semiconductor QDs.
A quantum emitter is a physical system that can be
used to encode a quantum state via some internal de-
gree of freedom (e.g. exciton, electron spin, valley) and
is coupled to light via a dipolar transition that enables
the conversion of that quantum state into the state of
a photon and vice versa. Such quantum emitters can
be applied to quantum light sources for quantum cryp-
tography or quantum imaging1,2 and a collection of cou-
pled quantum emitters can be used to realize a small
quantum simulator or quantum memory node in a dis-
tributed quantum network3. Among solid-state quan-
tum emitter systems, semiconductor QDs are partic-
ularly attractive due to their high radiative quantum
efficiencies3, their strong optical coupling4–6, the abil-
ity to achieve inter-QD interactions via confined opti-
cal modes7,8 or direct tunneling9–11, and their tunable
emission in the range of standard telecommunication
wavelengths essential for long-distance quantum informa-
tion transfer1,12,13. The performance of QD-based sin-
gle and entangled photon sources has continued to im-
prove over the past decade14–26, with the latter recently
surpassing the commercial standard based on paramet-
ric down conversion1. Progress towards the development
of functional quantum networks using QDs has also oc-
curred at a remarkable pace, including demonstrations of
fast27 and arbitrary28–33 single qubit rotations, two-qubit
gates9–11,34,35, spin-photon entanglement36–38, spin-spin
entanglement39,40, and quantum state transfer41,42.
The performance of the above technologies using QDs
is limited by dephasing caused by coupling of the
quantum-confined electrons with phonons in the solid-
state environment. For optically-mediated quantum
state control, the dominant decoherence channel is defor-
mation potential coupling to longitudinal acoustic (LA)
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phonons, which reduces the fidelity of state manipula-
tion through resonant phonon-induced transitions be-
tween the dressed states of the QD in the presence of
the laser field43–45. These transitions lead to a strong
damping of Rabi oscillations46,47 and limit the effective-
ness of exciton inversion schemes using adiabatic rapid
passage (ARP) at elevated temperatures27,48.
The finite size of the QD provides an opportunity to
mitigate the impact of the electron-phonon interaction
on the quality of optical control by limiting the range of
phonon frequencies that can contribute to dephasing43,44.
This limited range of coupled phonon modes, which be-
comes smaller the larger the QD, may be combined with
the use of short laser pulses to suppress resonant phonon
transitions by increasing the energy separation between
the dressed states beyond the coupled phonon frequency
band27,47,49–53. Here we exploit this feature to demon-
strate full suppression of phonon-mediated decoherence
in large QDs emitting at 1.3 µm. The use of large,
telecom-compatible QDs in our experiments is not only
attractive for future long-distance quantum communica-
tion in distributed quantum networks1,3, but also dra-
matically reduces the strength of the laser field needed to
reach the decoupling regime for the electron-LA phonon
interaction. Through calculations of the quantum state
dynamics incorporating LA-phonon coupling, we analyze
the dependence of the threshold pulse area for decoher-
ence suppression (ΘT ) on the size and shape of the QD
and contrast ΘT for resonant and quasi-resonant con-
trol schemes. While the latter schemes offer considerably
larger brightness in single-photon source applications1,
we show that larger pulse areas are required to reach
the decoupling regime due to the differing wave func-
tion symmetry between the QD ground and first excited
state. The demonstration of low-threshold, high-fidelity
inversion in our experiments points to the potential for
practical QD-based quantum light sources that could be
initialized in parallel and operated at elevated tempera-
tures.
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FIG. 1: (a) The temporal evolution of the energies (E±) of the dressed states (|Ψ±〉) during ARP induced by a frequency-
swept optical pulse. The system evolves from |0〉 to |1〉 in the higher- (lower-) energy dressed state for negative (positive)
pulse chirp. The dashed arrows indicate transitions between the dressed states caused by LA phonon emission. At elevated
temperatures, upward transitions caused by phonon absorption would also occur. (b) Calculated occupation of the exciton
(|1〉) as a function of pulse area for positive (solid) and negative (dashed) pulse chirp corresponding to a spherical QD with
ωc = 1.49 eV (d = 6.4 nm). The inset shows the phonon spectral density for this QD. ΘT is the threshold pulse area required
to reach the decoupled regime for the electron-phonon interaction. (c) PL spectrum of the QD sample under continuous-wave
excitation at 830 nm. (d) Micro-PL showing the GS emission from individual QDs within a 0.6 µm aperture. Inset: Rabi
rotation measurement on the QD marked with the arrow. The position of the first peak with respect to laser power is used to
determine the relationship between average power and pulse area for each QD. (e) Schematic diagram of the quantum control
apparatus. Pulses from the OPO laser source are dispersion-compensated and chirped using a 4-f pulse shaper. Chirped control
pulses resonant with the ES transition are focused onto the sample using a microscope objective and the final quantum state
of the exciton is read-out through detected photoluminescence on the GS transition.
We demonstrate decoherence suppression using ARP,
for which frequency-swept optical control pulses
are used to invert the exciton transition in the
QD54,55. The control pulse is given by E(t) =
1
2Ep(t) exp
{
[−i(ωlt+ αt2)]
}
, where Ep(t) is the pulse en-
velope, ωl is the center frequency, and α is the temporal
chirp. The energies (E±) of the dressed states of the QD
in the presence of this control pulse (|Ψ±〉) are depicted
in Fig. 1(a). The splitting between the dressed states
is given by
√
Ω(t)2 + ∆(t)2, where Ω(t) =
µEp(t)
h¯ and
∆(t) = −2αt are the instantaneous values of the Rabi
frequency and the detuning of the laser field from the
exciton transition, respectively. For a sufficiently strong
pulse intensity and chirp, the control process is adiabatic
3and the system remains in one of the two dressed states
while the admixture of the bare QD states (|0〉 and |1〉)
evolves resulting in inversion of the two-level system. The
sign of α determines which of the two dressed states |Ψ±〉
the system traverses as it evolves from |0〉 to |1〉.
LA-phonons can cause resonant transitions between
the dressed states during the optical pulse (depicted by
dashed arrows in Fig. 1(a)), representing the dominant
contribution to dephasing. These transitions can oc-
cur provided that phonons with energies equal to the
dressed state splitting are coupled to the exciton43,44.
The exciton-LA phonon coupling strength is dictated by
the phonon spectral density J(ω) =
∑
q |gq|2δ(ω − ωq)
where ωq = csq is the LA phonon frequency for bulk
GaAs phonon modes providing an accurate treatment
for electron-phonon coupling within the strained InGaAs
QD due to the similar elastic properties of the QD and
the barrier layers56. The coupling strength is given by
gq =
q√
2V ρh¯ωq
(De −Dh)P [ψ(r)], where De(h) is the de-
formation potential constant for the electron (hole), V
is the volume of the unit cell, ρ is the mass density, cs
is the speed of sound, and P [ψ(r)] =
∫
d3r|ψ(r)|2eiq·r
is the form factor for the QD. For the simplest case of
a spherical QD, J(ω) = Aω3e−(ω/ωc)
2
[Fig. 1(b), inset],
where ωc = 2
√
2cs/d is a cutoff frequency that depends
on d, the diameter of the QD. The smaller the QD, the
larger J(ω) and ωc (i.e. the stronger the coupling at a
given phonon frequency and the wider the bandwidth of
coupled phonon modes).
At any instant during the control pulse for which the
dressed state splitting is much larger than ωc, the elec-
tron and LA-phonons are decoupled and dephasing is
suppressed. This decoupling regime has been studied the-
oretically for both Rabi rotations49,51 and ARP50. For
ARP, the use of a frequency-swept optical pulse leads to
a nonzero dressed state splitting at all times during the
control process. This has the consequence that complete
suppression of decoherence is possible for large enough
values of Ω(t) and ∆(t). Importantly, this suppression oc-
curs at all temperatures, with substantial implications for
the development of practical QD-based quantum emit-
ters for distributed quantum networks. For such appli-
cations, a low threshold pulse intensity for decoherence
suppression is desirable to lower the power requirements
of the quantum network and to facilitate parallel quan-
tum state initialization of quantum emitters using a sin-
gle laser source18,22,39,40,57. Due to the dependence of the
phonon spectral density on the form factor, one can engi-
neer the rate of decoherence tied to exciton-LA phonons
by varying the size and shape of the QD.
The decoupling regime for exciton-LA phonon coupling
may be detected experimentally by comparing the exci-
ton inversion for positive and negative values of pulse
chirp27. As shown in Fig. 1(a), for negative (posi-
tive) chirp, the system evolves from |0〉 to |1〉 on the
higher- (lower-) energy dressed state. At low tempera-
tures, phonon emission contributes to dephasing by in-
ducing downward transitions between the dressed states
but phonon absorption is suppressed. Phonon coupling
therefore impacts the quantum control process only for
state evolution on the higher-energy dressed state (i.e.
for negative pulse chirp). Fig. 1(b) shows the chirp-sign
dependence of the exciton occupation calculated using
a density matrix approach32 incorporating deformation
coupling to LA phonons following the model presented
in Ref. [58]. For positive pulse chirp within the adiabatic
regime, the exciton occupation is insensitive to changes
in pulse area reflecting the robustness of the ARP con-
trol scheme for exciton inversion. The difference between
the exciton occupations for positive and negative pulse
chirp varies with pulse area following the shape of J(ω):
the difference is a maximum when the dressed state split-
ting matches the peak value of J(ω), and drops for both
larger and smaller pulse areas. For pulse areas well above
ωc, the optically-driven system is decoupled from LA-
phonons. To quantify the onset of the decoupled regime
in the theoretical calculations, we define the threshold
pulse area ΘT as that for which the exciton occupation
for negative chirp reaches 1% of that for positive chirp.
Adiabatic rapid passage was carried out on an
In(Ga)As/GaAs QD structure grown using molecular
beam epitaxy under conditions to generate large QDs
with a ground state emission near 1.3 µm at cryogenic
temperatures59. The ensemble photoluminescence (PL)
is shown in Fig. 1(c). To isolate a collection of QDs for
quantum control experiments, a metallic mask contain-
ing an array of apertures was deposited onto the sam-
ple surface using e-beam lithography. The results of
microPL experiments on a 0.6 µm aperture are shown
in Fig. 1(d). A schematic diagram of the experimental
setup used for quantum control experiments is shown in
Fig. 1(e). A tunable optical parametric oscillator was
used to resonantly pump the first excited state (ES) op-
tical transition in each QD and the PL emitted from
the ground-state (GS) optical transition was detected
using a 0.75 m monochromator and a liquid-nitrogen
cooled InGaAs array detector. A high numerical aper-
ture objective was used for pumping the QDs and col-
lecting the emitted GS PL. A 4f pulse shaper was used
for both dispersion compensation and to impose spec-
tral chirp (φ
′′
). φ
′′
is related to the temporal chirp α by
α = 2φ′′/[τ40 /(2 ln (2))
2+(2φ′′)2], where τ0 = 120 fs is the
transform-limited pulse width. For all experiments, the
sample was held at 10 K in a liquid-helium flow-through
microscopy cryostat.
The results of ARP experiments on three different QDs
are shown in Fig. 2(a)-(c). The convergence of the PL
intensities for negative and positive pulse chirp for all
QDs indicates complete suppression of decoherence tied
to electron-LA phonon coupling. The threshold pulse
area required to reach the decoupling regime varies be-
tween QDs due to their slight differences in size and/or
shape. These differences are also reflected in the varia-
tion in the GS emission wavelength (1.259 µm to 1.273
µm for the QDs in Fig. 2). The calculated chirp sign
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FIG. 2: (a)-(c) PL intensity versus pulse area for positively-chirped (blue circles) and negatively-chirped (green diamonds)
control pulses for three different QDs (QD A, QD B and QD C) with GS emission wavelengths at 1259 nm, 1273 nm and 1265
nm respectively. (d) Calculated exciton occupation for chirped-pulse excitation on the ES transition for a QD with d⊥= 6.0
nm, d‖ = 7.3 nm. For these calculations, the 1/e point of the GS wave function of a simple-harmonic oscillator was taken as
the QD dimension, and the ES is the corresponding p-orbital with in-plane cylindrical symmetry. The range of pulse areas
with suppressed exciton-LA phonon coupling is indicated by the shaded box.
dependent state dynamics for a lens-shaped QD (d‖ =
7.3 nm, d⊥ = 6 nm) are shown in Fig. 2(d), capturing
the general trends seen in the experimental curves. The
measured values of ΘT are in the range 2.2pi to 3.5pi.
Decoherence suppression is observed in our experi-
ments at much lower pulse areas than in previous quan-
tum control experiments on QDs27,46,47,52,53. In exper-
imental demonstrations of Rabi rotations, which have
reached pulse areas as large as 14pi46,47, the maximum
Rabi frequencies used were large enough to detect the
nonmonotonic dependence of damping on pulse area near
the peak of J(ω) but were still well below the decou-
pling regime46,47. In recent experiments involving ARP
on excitons52,53, the decoupling regime was reached at
the end of the range of experimentally-accessible pulse
areas, corresponding to a value of ΘT exceeding 8pi. The
4-fold smaller values of ΘT in Fig. 2 reflect the much
larger QDs used in our experiments, with GS emission
wavelengths close to 1.3 µm in contrast to the 930-950 nm
emitting QDs used in previous work46,47,52,53.
Our quantum control experiments were carried out un-
der quasi-resonant pumping (i.e. the laser was tuned
to the ES transition in each QD). Both resonant and
quasi-resonant excitation schemes have been used in
high-performance single photon sources14–25,60. As both
pumping schemes suffer from decoherence tied to LA-
phonon coupling and previous theoretical models have
only considered the case of GS pumping43,44, it is in-
structive to compare the two pumping schemes with re-
gard to the coupling strength and threshold pulse area
required for decoherence suppression. Fig. 3(a) shows
the calculated spectral density for GS and ES wave func-
tions in both spherical and lens-shaped QDs. The size
dependence of J(ω) for the GS exciton is consistent with
earlier studies showing stronger coupling in the spherical
QD due to the larger degree of quantum confinement50,51.
There are two notable differences between the spectral
density for optical driving of the GS and the ES: J(ω)
for the ES exhibits a double peak structure and is char-
acterized by a larger cutoff frequency. These differences
may be traced back to the form factors for the GS and
ES wave functions [Fig. 3(a), inset]. The lobed structure
of the ES form factor is the origin of the dip in J(ω), and
the larger frequency bandwidth is caused by the spread
of the form factor to larger wave vectors for a given QD
size.
The larger bandwidth of J(ω) for the ES pumping con-
figuration leads to a larger threshold pulse area for de-
coherence suppression. Fig. 3(b) and Fig. 3(c) show the
results of calculations of ΘT for QDs with various QD
shapes and sizes. For a given choice of QD dimensions,
ΘT is larger for ES pumping than for GS pumping. These
results imply that resonant excitation schemes would of-
fer an advantage over near resonant pumping geometries
of lower power requirements for quantum network appli-
cations. Our findings also indicate that the much lower
values of ΘT observed in optical control experiments in-
volving large QDs in this work in comparison to previous
experiments46,47,52,53 are expected to be even lower if GS
pumping is used.
An ideal quantum emitter will be designed to mini-
mize ΘT while maintaining a GS transition that is com-
patible with standard telecommunications wavelengths.
The results in Fig. 3(c) indicate that both the height
and in-plane dimensions of the QD may be used to en-
gineer ΘT . The dimensions corresponding to the QDs
used in this work, characterized by ΘT between 2pi and
3pi [white box in Fig. 3(c)], represent a near-optimum
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case for the InGaAs/GaAs family of QDs emitting near
1.3 µm. Lower values of ΘT would be expected for QDs
in the InAsP/InP family13 with weaker quantum confine-
ment and compatibility with the low-loss telecommuni-
cation band at 1.55µm.
In summary, we demonstrate complete suppression of
decoherence for optically-mediated exciton inversion us-
ing ARP on large QDs with telecom-compatible emis-
sion wavelengths. By exploiting the ability to engi-
neer the strength of electron-phonon coupling by vary-
ing the size and shape of the QD, we achieve a four-
fold reduction in the threshold pulse area required to
reach the decoupling regime. Our observation of low-
threshold decoherence suppression would facilitate paral-
lel quantum state inversion in single and entangled pho-
ton sources with the potential for operation at elevated
temperatures18,22,39,40,57, while the telecom-compatible
emission wavelengths of our QDs would support the de-
velopment of distributed quantum networks incorporat-
ing long-distance quantum state transfer3. Our calcula-
tions provide insight into the nature of phonon coupling
for optical driving of the first excited state optical tran-
sition and indicate a new direction for engineering the
strength and bandwidth of coupling via the symmetry of
the QD wave function. These findings may aid efforts to
exploit coherent phonon wave packet emission for cou-
pling the quantum states of neighbouring QDs50,64. Our
calculations also indicate that even lower threshold pulse
areas for decoherence suppression than those reported
here may be expected for resonant pumping schemes.
Our results will support the application of semiconductor
QDs in future distributed quantum networks.
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